imaging ͉ lymphoid organogenesis ͉ transgenic mice
Lymph node (LN) development depends on prenatal interactions occurring between LN inducer and LN organizer cells. We have distinguished defects in LN formation due to failure in embryonic development (aly͞aly) from defects in postnatal maturation (Il2r␥ ؊/؊ Rag2 ؊/؊ ). Both mutant strains form normal primordial LNs with differing fate. In aly͞aly mice, the LN primordium dissipates irreversibly late in gestation; in contrast, Il2r␥ ؊/؊ Rag2 ؊/؊ LN anlage persists for a week after birth but disperses subsequently, a process reversible by neonatal transfer of WT IL7r ؉ TCR ؉ T or natural killer (NK) cells, suggesting a role for IL7͞IL7r interactions. Thus, we reveal a unique stage of postnatal LN development during which mature lymphocytes and IL7͞IL7r interactions may play an important role.
imaging ͉ lymphoid organogenesis ͉ transgenic mice I nteractions between stroma and hematopoietic cells and consequent intracellular events are necessary for the proper development of lymph nodes (LNs). Embryonic events leading to the formation of LN anlage and its maturation in mice involve two major cellular contributors: LN inducer (LNi) cells with a CD45 ϩ CD4 ϩ CD3 Ϫ IL7r␣ ϩ c-kit ϩ lin Ϫ phenotype, and LN organizer (LNo) cells of mesenchymal origin that express, among other molecules, lymphotoxin ␤ receptor (LT␤r) and vascular cell adhesion molecule 1 (VCAM1) (for comprehensive reviews, see refs. 1-4). Temporally, there are three stages in LN organogenesis in the mouse. The first stage is characterized by the migration and aggregation of LNi cells to positions where future LNs will form. The second stage is characterized by LNi͞LNo interactions leading to further maturation of the anlage. In the third stage, mature lymphocytes migrate into these embryonic structures to generate adult LNs.
Using transgenic and knockout mice has led to the identification of many molecules that are important in LN organogenesis. For example, deficiency in Ikaros (5), ROR␥ (6) , Id2 (7), or TRANCE͞TRANCER (8-10) genes affects LNi development or function, whereas defects in LT␤r signaling affect LNo cells (11) (12) (13) (14) . Such mutations result in severe reduction in size and number (or complete absence) of LNs in adult life.
It is unclear at the moment how LNi cells migrate to the appropriate locations during early stages of LN organogenesis, although chemokines and their receptors have been implicated (15) . In the subsequent stage, the interactions between the LNi and the LNo cells are governed mainly by three molecular loops: IL7r␣-LT␤r (16), TRANCE-TRANCEr (8, 17) , and CXCL13-CXCR5 loops (18, 19) , all of which are important for LN development (8, (20) (21) (22) .
LT␤r signaling is thought to be necessary for the differentiation of LNo cells within a narrow window of time (17, 20) . In mice deficient in LT͞LT␤R interactions, LNi cells migrate to the right sites in the body, but the LNo stroma cells are unable to respond to the inductive signals from these cells (17) . Accordingly, LT␣ mutant mice fail to develop LN, but treatment of developing embryos with an agonist LT␤r antibody between days 15.5 and 18.5 postcoitum (p.c.) leads to LN formation that persists in adult life despite the continuing absence of LT␤r signaling (20) . aly͞aly carry a mutation in NFB-inducing kinase (NIK), which is essential for LT␤r signaling in the stroma cells; these mice develop no peripheral LNs, even though mature T and B cells are found in their spleen and blood (23, 24, 25) . In addition, in aly͞aly mice LNo fail to up-regulate vascular cell adhesion molecule 1 (VCAM1) during LN development (26) .
Common ␥ chain-deficient mice (Il2r␥ Ϫ/Ϫ ) have small LNs (27, 28) . Interestingly, mice doubly deficient in Il2r␥ and Rag2 genes (Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ ) lack peripheral LNs (apart from a small mesenteric and sacral LN) (29) . So far, the stage at which LN development fails in these mice has not been defined; thus, adult mice may lack lymphoid organs either because they fail to develop a lymphoid anlage during embryonic life or because they fail to maintain the embryonic lymphoid structures into adult life because of lack of lymphocytes.
To distinguish among these possibilities and to identify the events that lead to defective formation of LNs, we examined the behavior of LNi cells during embryonic life. For this, we used mice carrying a GFP cDNA under the control of the human CD2 promoter and locus control region (LCR) (30) and thus expressing GFP in T,B, and natural killer (NK) cells (31 Several mutations have been described that affect LN organogenesis; however, the exact developmental point or why such mutant mice lack LNs have not always been clear. In aly͞aly mice, LN absence has been attributed to defective development of LNo cells in fetal life whereas, in Il2r␥ Ϫ/Ϫ mice, it has been attributed to the absence of B and T cells. To address the cellular mechanisms involved in LN organogenesis in these mice, we used mice transgenic for the GFP gene under the control of the hCD2 promoter and locus control region (LCR) (30) . Adult mice of this strain express high levels of GFP in T cells and NK cells and low levels in mature B cells (31) . The expression of GFP in lymphoid cells permits stereomicroscopic analysis of very small lymphoid structures and scarce cells that would be invisible otherwise. For our studies, hCD2-GFP transgenic mice were bred into B10, Rag1 Ϫ/Ϫ mice, very small LNs were detected in all of the expected LN sites populated by the few lymphoid cells found in these mice (Fig. 1C) . In contrast, most of the peripheral LNs, such as cervical, inguinal, brachial, and axillary, were undetectable by fluorescence microscopy in adult hCD2-GFP͞Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ (Fig. 1D ) and hCD2-GFP͞aly͞aly (Fig. 1E) mice. Small mesenteric and sacral LN structures were seen in both strains (data not shown). Adult hCD2-GFP͞aly͞aly mice also showed small infiltrates of GFP ϩ cells in a number of different organs, characteristic of the autoimmune pathology seen in these mice (data not shown).
Visualization of Lymphoid Organs in WT Mouse Embryos. We used hCD2-GFP mice to carry out a systematic study of embryonic LN development. CD45
ϩ GFP ϩ hemopoietic cells were detected in the fetal liver, blood, intestines, and LN anlagen in embryos from day 11.5 p.c. onward before the appearance of mature T, B, and NK cells (data not shown and Fig. 2 A and B) . These cells form discreet organized aggregations in sites described before (17) marking LN anlagen. Microdissection of the GFP ϩ structures from these embryos and flow cytometric analysis of the GFP ϩ cells therein revealed the presence of LNi cells characterized by the expression of CD4, IL-7 receptor (Fig. 2 C-E) , and c-kit and by the absence of CD3 or CD19 and other lineage markers, confirming that GFP is not expressed in macrophages or dendritic cells (see Fig. 8 , which is published as supporting information on the PNAS web site, and ref. 31 ).
Visualization of Lymphoid Organs in Mutant Embryos.
Adult aly͞aly mice lack LNs because of defects in embryonic LN organogenesis, but it is not clear whether this is true also for Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ . Using hCD2-GFP mice, we examined the LN organogenesis in Rag1 Ϫ/Ϫ , Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ , and aly͞aly embryos. Interestingly, analysis of day 15.5 p.c. embryos showed that, in all three strains, aggregates containing LNi cells were formed in the expected sites, suggesting that embryonic migration and homing of these cells are not affected in these mutants (Fig. 3A) . These structures were still clearly visible at day 18.5 p.c. in hCD2-GFP͞ Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ embryos; in contrast, in hCD2-GFP͞aly͞aly embryos, only a few scattered GFP ϩ cells within the LN sites could be detected by this stage (Fig. 3B ). FACS analysis of the GFP ϩ cells recovered from these sites in day 15.5 and day 18.5 p.c. mutant embryos showed a similar phenotype to the one seen in WT embryos (Fig. 9 , which is published as supporting information on the PNAS web site). Analysis of 1-week-old Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ and aly͞aly mice for the presence of peripheral LNs showed that, in the Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice, small GFP ϩ structures were still detectable at each LN site; in contrast, aly͞aly mice showed no such structures after birth (Fig. 3C) . In control hCD2-GFP-B10 mice LNs were already populated with mature GFP ϩ lymphocytes at this point (Fig. 3C) .
We conclude that migration and aggregation of LNi cells at the appropriate sites proceed normally in these mutants up to day 15.5 p.c. However, in aly͞aly mice, LN primordia dissipate by day 18.5 p.c. whereas, in Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ , they survive for at least 7 days post birth, but disappear later. This finding was confirmed by the detection of vascular cell adhesion molecule 1 (VCAM1) ϩ structures at LN sites in neonates, but their complete absence from adult Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice ( Fig. 10 , which is published as supporting information on the PNAS web site).
Rescuing of LN Structures in Neonate Mice by Adoptive Transfer of
Lymphoid Cells. As shown in Fig. 3 , in Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice, LN structures were formed in embryonic life and persisted for at least 7 days after birth. This finding suggested a postnatal (p.n.) period of LN stroma maturation requiring lymphoid cells, absent in Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice. To test this hypothesis, we transferred 3-4 ϫ 10 6 total LN cells from 6-week-old B10.hCD2-GFP mice into newborn and adult Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice. As controls, we transferred cells into Rag1 Ϫ/Ϫ and aly͞aly mice. Fig. 4 shows the analysis of inguinal LNs in recipients 4 weeks posttransfer. Transferred cells were readily detectable in the spleens of all groups of recipient mice at this time (Fig. 11 , which is published as supporting information on the PNAS web site).
Lymphoid cell transfer into Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ neonates led to substantial rescue of LN structures persisting into adulthood (Fig. 4A) , demonstrating that colonization of embryonic LN anlagen by lymphocytes during neonatal life is critical for the maturation and maintenance of LNs. Both T and B cells were recovered from the rescued nodes (Fig. 12 , which is published as supporting information on the PNAS web site). Control newborn Rag1 Ϫ/Ϫ recipient mice showed efficient colonization of the LNs by transferred cells. In contrast, transfer of cells into aly͞aly neonates failed to rescue any LNs (Fig. 4A) .
To test how long after birth it was possible to rescue the LNs in Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice, Ϸ3 ϫ 10 6 WT LN GFP ϩ cells were transferred into 6-week-old adults, and, as controls, into Rag1
and aly͞aly mice of the same age. Fig. 4B shows the analysis of inguinal LNs in recipients 4 weeks posttransfer. No structures populated by the transferred WT GFP ϩ lymphocytes were detected in adult Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ recipient mice (Fig. 4B) , despite large numbers of transferred cells seen in the spleen of these mice (Fig. 11) . Transferred GFP ϩ lymphocytes in aly͞aly adult mice also failed to rescue LN structures (Fig. 4B) , consistent with experiments where WT bone marrow transfer failed to restore LNs in aly͞aly mice (32) . Similar results were found for all of the other peripheral LNs examined (Table 1 , which is published as supporting information on the PNAS web site). In contrast, we detected replenished LN structures in posttransfer Rag1 Ϫ/Ϫ adult recipient mice, suggesting that the organ had formed in these mice and had been maintained into adult life (Fig. 4B) .
These data taken together suggest that the absence of LNs in adult Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice is due to failure to maintain p.n. the LN structures formed during embryonic life. This situation is corrected by providing mature lymphocytes during neonatal life but becomes irreversible by 6 weeks of age. Ϫ/Ϫ Rag2 Ϫ/Ϫ recipient mice rescued peripheral LNs (Fig.  5A) ; in contrast, transfer of 4-5 ϫ 10 6 purified B cells into newborn Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice failed to do so (Fig. 5B) , despite that the transferred B cells were detectable in the spleen of recipient animals 4 weeks later (Fig. 13B , which is published as supporting information on the PNAS web site). To test that the transferred purified GFP ϩ B cells could reach the appropriate sites, inguinal LNs of recipient mice were examined 24 h posttransfer. Significant numbers of the transferred cells were found in the LNs at that point (Fig. 14, (Fig. 5C) .
In adult Rag deficient mice, LNs develop normally but are small because of the absence of T or B cells; in contrast, in Il2r␥ Ϫ/ ϪRag2 Ϫ/Ϫ adults, LNs are undetectable. Both of these strains of mice lack T or B cells, but Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice in addition lack NK cells (29) . To test whether NK cells play a role in p.n. LN organogenesis, 1.5 ϫ 10 6 purified NK1.1 ϩ LN cells from B10.Rag1 Ϫ/Ϫ mice were transferred into newborn Il2r␥
mice. Injection of CFSE-labeled T cells 4 weeks after the NK1.1 ϩ cell transfer and examination of the LN 3 days later confirmed that NK1.1 ϩ cells rescued LNs in these recipients (Fig. 5D ). In contrast, an NK1.1 Ϫ cell fraction from B10.Rag1 Ϫ/Ϫ mice failed to rescue LNs (Fig. 5 F and G) . Interestingly, a CD4 ϩ IL-7r␣ ϩ CD3 Ϫ cell population described before in adult mice and included in the NK1.1 Ϫ transferred population had failed to rescue neonatal LN structures (Fig. 15 , which is published as supporting information on the PNAS web site, and ref. 33 ). Thus, we reveal here a role for NK1.1 ϩ cells in neonatal LN maturation.
IL7͞IL7r Interactions and the Maintenance of Lymphoid Structures p.n.
To address the mechanisms involved in the maintenance of lymphoid structures p.n., we turned our attention to the IL7͞ IL7r interactions, motivated by the fact that, whereas the transferred T cells express high levels of IL7r, mature B cells are devoid of this receptor (Fig. 15) . Adult Il7 Ϫ/Ϫ and Il7r Ϫ/Ϫ , as well as Il2r␥ Ϫ/Ϫ mice, contain reduced numbers of lymphoid cells and small LNs. This finding indicates that the few lymphoid cells that exist in these adult mice can maintain to some extent the structures that have been formed during embryonic life. However, the small size of the LNs could be due to the paucity in lymphoid cells in these mice. To examine whether the small LN structures in the adult retain the same potential for growth as those in neonates, we transferred WT hCD2-GFP LN cells into neonatal and adult Il7r Ϫ/Ϫ mice. Transfer into neonates resulted in full-size LNs that were still apparent 4 weeks after transfer (Fig. 6A Left) . In contrast, transfer of WT cells into adult Il7r Ϫ/Ϫ mice failed to rescue the size of the LNs (Fig. 6A Right) . These data suggest that restoration of the IL7͞IL7r interactions during the neonatal period in IL7r Ϫ/Ϫ mice may contribute to the full maturation and growth of the LNs. In contrast, restoring these interactions at later times fails to do so, indicating that the potential of LNs to grow has been lost in adult Il7r Ϫ/Ϫ mice.
This interpretation was further supported by transfer experiments that compared the efficiency of different subsets of LN cells from Rag1-deficient mice to rescue LN structures in newborn Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ recipient mice. Cells found in Rag 1
LNs can be divided into two fractions, an IL7r ϩ and an IL7r Ϫ (Fig. 15) . Purification and transfer of these populations into Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice revealed that the IL7R ϩ population was very efficient in restoring LNs in newborn Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ recipient mice (Fig. 6B Left) . In contrast, IL7R
Ϫ cells were incapable of doing so (Fig. 6B Right) . Because NK cells are the main population of lymphoid cells in Rag1 Ϫ/Ϫ LNs, some of which express IL7r, we conclude that the latter are most likely responsible for the neonatal LN rescue in Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ recipient mice. Rag1 Ϫ/Ϫ LNs also have an NK1.1 Ϫ/Ϫ population that includes IL7R ϩ CD4 ϩ cells that have been reported to be the equivalent of the embryonic LNi cells (33) . However, we showed in Fig. 5E that these cells are not able to rescue neonatal LNs.
Taken together, these results indicate a possible role for IL7͞IL7r interactions during the neonatal stages of LN structure maintenance and growth.
Discussion
Embryonic development of peripheral LN anlagen initiates between day 11.5 and day 12.5 p.c. in gestation associated with an influx of LNi cells in these sites (34) . Using mice in which the embryonic LN anlage is marked by hemopoietic GFP ϩ cells, we studied the requirements for (i) the embryonic development of the LN anlagen, (ii) the maturation of LN structures in neonatal mice, and (iii) their maintenance in adult mice. For this study, an array of mutant mice with defects in LN development were analyzed.
Lack of Il2r␥ signaling in Il2r␥ Ϫ/Ϫ mice severely inhibits the maturation of lymphocytes (27, 28) . As a result, these mice have few T, B, and NK cells and almost undetectable LNs. Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ adult mice, on the other hand, lack T, B, and NK cells and show absence of LN structures apart from a small mesenteric and sacral LN (data not shown) (29, 35) . It was unclear whether the absence of detectable LNs in Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ adult mice was due to failure of lymphoid anlagen development or due to lack of lymphoid cells.
hCD2-GFP͞Il2r␥
Ϫ/Ϫ Rag2 Ϫ/Ϫ embryos showed no developmental defect in LN organogenesis; instead, their degeneration seems to be due to failure to populate the anlagen with mature lymphocytes during the neonatal period. Consistent with this interpretation, we were able to rescue the LNs permanently by transferring WT lymphoid cells during this neonatal period. The failure to rescue LN structures when T and NK cells were transferred into adult Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice seems to be associated with the absence of stroma cells at this age with which mature lymphoid cells could interact and effect LN maintenance and growth. This finding suggests that signaling through cytokine receptors using the common ␥ chain may be dispensable for early LN development but becomes important for the maintenance of these organs p.n.
Although IL2r␥ is used by other cytokines, such as IL15, IL2, etc., absence of these cytokines does not lead to the LN defects seen in IL7 Ϫ/Ϫ mice, indicating that IL7 may be more important during this stage. Our data are consistent with the hypothesis that, after stimulation of incoming lymphocytes through their IL7r, downstream genes (chemokines, growth factors, etc.) are activated, and their products have a positive effect on the survival, growth, and maintenance of the LN stroma cells. However, in the absence of lymphocytes, either the neonatal stroma cells themselves or their ability to respond to these growth factors disappears, as indicated by the inability of transferred lymphocytes to restore LNs in adult Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ or their size in adult Il7r Ϫ/Ϫ mice. Nevertheless, a degree of contribution by the other common ␥ chain cytokines in this process cannot be excluded at this point.
During the neonatal colonization of the LN anlagen by mature lymphoid cells, LN size increases due both to cell output from the bone marrow and thymus, as well as expansion of the incoming cells (36) . It is well documented that transfer of adult T cells into neonates results in marked expansion of the transferred cells (37) ; B cells on the other hand seem to have limited capacity for expansion under similar circumstances (38) . Therefore, the limited capacity of the B cells to expand may be the underlying reason why they are less capable of rescuing the neonatal stages of LN maturation. An additional factor for the differential potential of lymphoid subsets to promote the neonatal maturation of LNs may relate to their ability to signal through the IL7 receptor. Indeed, mature T cells and a proportion of NK cells express this receptor, whereas B cells are completely devoid of it ( Fig. 15 and ref. 39 ).
In the absence of LT␤r signaling (aly͞aly mice), LNs also fail to develop (23, 24) . However, migration and aggregation of LNi cells at the appropriate sites occur normally up to day 15.5 p.c. in development. This result is consistent with results reported by Yoshida et al. (17) for the LT␣ Ϫ/Ϫ mice. However, from day 15.5 p.c. onward, LN structures atrophy, leaving a small number of scattered GFP ϩ cells in sites of LN development. These data are consistent with defective steps described during the formation of Peyer's patches in aly͞aly mice (22) .
In aly͞aly mice, absence of LT␤r signaling leads to irreversible degeneration of LN stroma between day 15.5 and day 18.5 p.c., confirming that anlagen failure in the embryo is the main reason for the absence of LN structures in adult aly͞aly mice. Significantly, the development of peripheral LNs in LT␣-deficient mice has previously been shown to be rescued by means of a single treatment with an agonist antibody for LT␤r during the same window in fetal life, but not later (20) .
Taken together, the data indicate that the absence of LNs in the adult mice of these mutant strains is not due to deficiencies in migration and homing of LNi cells to the right sites in the embryo. This finding confirms results from LT␣-deficient mice, suggesting that LT␤r signaling is dispensable for these stages of LN development, but is important for the immediately subsequent step (17) . Thus, absence of LT␤r signaling leads to atrophy of the anlage by day 18.5 p.c. and failure of further LN development, despite the appearance later of T, B, and NK cells in aly͞aly mice. These data also indicate that, in the Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice, an intact LT␤r signaling potential is not sufficient for these structures to persist into adult life and that other molecular interactions may become crucial.
In conclusion, the combined and additional results from lymphoid cell transfers into Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ and aly͞aly mice presented in our article have allowed the dissociation of the LT␤-dependent late embryonic development of LN anlagen from the subsequent neonatal maturation of the LN stroma. Thus, we have revealed a window around birth, during which lymphoid cells are necessary for the continuing maturation of the LNs and during which the cellular and molecular requirements for LN development are different from those during late embryogenesis.
Taking into account previously published data and the additional results reported in this article, we would like to propose a model that encompasses a previously uncharacterized stage of LN development during the p.n. period in the mouse (Fig. 7) . The prenatal period is marked by an absolute requirement for LT␤r signaling within the stroma cells without which the LN anlage degenerates by day 18.5 p.c. This stage depends on the presence of LNi cells. Postnatally, the requirements for hemopoietic cells switch from the LNi cells to newly immigrating T and NK1.1 ϩ cells. In the absence of this influx, the developing LN degenerates irreversibly within the first week after birth, and IL7͞IL7r interactions seem to play an important role during this stage. In normal mice, the structure persists until after birth when it is colonized by mature lymphoid cells generated in the thymus and the bone marrow. In aly͞aly mice, these structures degenerate near the end of pregnancy, so that there is no structure to be colonized by mature lymphoid cells after birth. In Il2r␥ Ϫ/Ϫ Rag2 Ϫ/Ϫ mice, these structures persist for a few days after birth, but, because of the complete absence of lymphoid cells, they degenerate within the first week after birth. In Il7r Ϫ/Ϫ mice, these structures are maintained by the few lymphoid cells that exist in these mice; however, the size of the LNs remains small throughout life.
Methods
in a specific pathogen-free facility at the National Institute for Medical Research. Cellular Analysis. LN anlagen cells were isolated from adult or fetal LN anlagen by microdissection of fluorescent structures and collagenase H digestion (Roche, Penzberg, Germany). Cells were stained as described by using anti-TCR␤,H57.597 (eBioscience, San Diego, CA), anti-CD3,2C11 (eBioscience), antiThy-1.2,53-52.1 (eBioscience), anti-CD4,CT-CD4 (Caltag, Carlsbad, CA), anti-IL-7 receptor ␣,A7R34 (eBioscience), anti-CD45,30-F11 (eBioscience), anti-CD19 (Caltag), anti-NK1.1 (eBioscience), and anti-CD117 (eBioscience). Flow cytometric analysis was done on a FACSCalibur (Becton-Dickinson, San Jose, CA), and data analysis was done using WINMDI (Scripps, La Jolla, CA). Microscopy. Analysis of GFP͞YFP expression was done on a Zeiss (Jena, Germany) M2Bio stereofluorescent microscope͞ Open Lab (Improvision, Warwick, U.K.). For confocal microscopy, tissues were fixed in 4% paraformaldehyde, stained with anti-VCAM1 (eBiosciences) and anti-rat Alexa Fluor 594 (Molecular Probes, Eugene, OR), and analyzed on a Leica (Vienna, Austria) SP2͞Volocity (Improvision). To determine the presence or absence of peripheral LNs, we checked for the presence of GFP-expressing cells at the sites of cervical, brachial, axillary, and inguinal LNs by stereofluorescent microscopy. If GFPexpressing structures were Ͼ0.1 mm, the structures were scored as positive.
